Numerical simulation results of wind wave in the Caspian Sea by using wind forcing data are presented. The numerical modeling which is applied in this study is based on numerical spectral wave model which is based on Navier-Stokes equations. It solves these equations through each of mesh elements. Moreover, in this model high-resolution unstructured grid for the Caspian Sea has been used in order to reach finer accuracy. The wind forcing data are given from European Centre for Medium-Range Weather Forecasts (ECMWF). The measurement data, which are gained from Ports and Marine Organisation (PMO) of Iran, are used in order to estimate the accuracy of the model. The results have shown better accuracy in comparison with PMO simulation. Mean of the coefficient of determination (R-squared) for significant wave height in this simulation is 0.8059, though, in PMO simulation this coefficient is reported 0.7056. Better accuracy requires more measurement data and also finer resolution of bathymetry data.
INTRODUCTION
One of the most important marine phenomena is a wave which its features make it hard phenomena for study. Waves are crucial in determining the geometry and shape of the coasts, especially in designing ports, waterways, coastal protection, coastal structures, and other coastal activities. The first step for designing coastal structures and determining sand transport and pollution's propagation is a hydrodynamic study of the coastal region. The impact of waves on coasts and coastal activities makes researchers measure the wave features by field tools (in-situ data) and numerical modeling for their studies. These features are varying in domain and time, therefore, accurate identification of these features requires long measurements in short intervals at several places in the case study (A.a et al., 2005) . Nevertheless, nowadays because of the high costs of field measurements and also developments in computers processing and improvements in numerical modeling, hindcasting and determining the wave's features are usually done by these numerical modeling. In the other hand, for calibration of those models, there have to be some field measurements. In south coasts of Caspian Sea in Iran, field measurements are available at Noshahr and Amirabad ports. Therefore, with these measurements and the outputs of numerical modeling for the Caspian Sea and also satellite data, wave hindcast can be done for a long time. Aboobacker and his colleagues (Aboobacker et al., 2009) applied an MIKE21 SW model for eastern coasts of India and compared the results with measured data from May 1996 to January 1997. They found out that due to the high correction coefficients, i.e. 0.87 and the bias (0.25m) the results were reliable and perfectly matched to the measured data. Furthermore, they reported that for more accurate results, wind data with better spatial resolution must be employed. Samiksha and his colleagues (Samiksha et al., 2012) simulated the waves of Indian Ocean with numerical model WAVEWACTH III and then they validated their model's results with measured data and because of the fine accuracy of the model they could rebuild the May 2002 events perfectly. Sharifi and his colleagues (Sharifi et al., 2012) investigated predicting wave characteristics by two numerical models, * Corresponding author MIKE21 SW and WAVEWACTH III. Global Forecast System (GFS) for wind data and ETOP01 for bathymetry data were used by them and then they compared the results with significant wave height (SWH) derived by satellites and find out that MIKE21 SW model gives more accurate results in shallow water and nearshore due to its unstructured mesh. Myslenkov and his colleagues (Myslenkov et al., 2016) used two sources, GFS and Weather Research and Forecasting (WRF), for their wind data in their wave simulation by SWAN and they reached RMSE=0.3m for one year period and also it reveals that more accurate results can be reached when WRF wind data employed. In this study, we tried to reach more accurate wave model for the Caspian Sea by applying an MIKE21 SW model and using ECMWF wind data and then calibrate it with measured data for Amirabad and Noshahr ports. Wind-wave models are mostly based on wind data. The more accurate model requires more accurate wind data, therefore, in
CASE STUDY AND DATASETS
The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLII-4/W4, 2017 Tehran's Joint ISPRS Conferences of GI Research, SMPR and EOEC 2017, 7-10 October 2017, Tehran, Iran this study, we used reanalysis data from ECMWF ERA-Interim ("ERA Interim, Daily," n.d.) dataset with a spatial resolution of 0.125 degrees and temporal resolution of 3 hours. Moreover, GEBCO_2014 Grid with 30 arc-second intervals is used for bathymetry data from ("Gridded bathymetry data (General Bathymetric Chart of the Oceans).," n.d.). Caspian Sea level is 27 meter under the sea level, therefore (Imani et al., 2014) , we added 27 meters to these data to make them correct for calculations. In order to determine the case study, we used an unstructured mesh which has four sizes in a different area, from deep sea to shallow water the distance between nodes are respectively 10000 meters, 3200 meters, 1200 meter, 700 meters to provide better results (Figure 2) . Figure 2 . Case study and mesh elements with adding bathymetry data
PROPOSED METHOD
As we mentioned before there are several methods for wave modeling including numerical modeling and experimental methods. Nowadays by developing science and technology and improvements in computers, numerical modeling has been improved greatly and fine accuracy can be gained by using numerical modeling methods. In this study, we used a fully spectral formulation which has been explained in (I.R. Young, 1999) and (G. J. Komen et al., 1996) . By using this model, we can observe several physical phenomena relating to wave including (1) Growing waves because of the wind, (2) Dissipation because of the bed resistance, (3) Dissipation because of the white capping, (4) Dissipation because of the wave braking, (5) Wave-wave none liner interaction, (6) Wave-current interaction, (7) Ice coverage influence on waves, (8) Timevarying effect on water depth, and (9) Depth variation effect on refraction and shoaling (Wadhams, 1996) . We used the quasi-linear theory of wind-wave generation based on (Janssen, 1991) for wind input which allows the momentum to transfer from the wind to the sea depends on the sea state and also the wind stress. By incorporating this approach (Hasselmann and Hasselmann, 1985) , we approximated the non-linear energy transfer which is through the wave-wave non-linear interaction. The theories of (Hasselmann, 1974) and (Janssen, 1989) have been used in order to calculate the dissipation due to the whitecapping. For modeling the bottom friction dissipation, approach of (Johnson and Kofoed-Hansen, 2000) has been used which depends on the wave and sediment properties. Well-proven approach of (J. A. Battjes and J. P. F. M. Janssen, n.d.) and (Eldeberky and Battjes, 1996) are used in order to describe the bottom-induced wave breaking. The other phenomena which we mentioned them as our final result are presented in (OLE R. SØRENSEN et al., 2005) . In order to run the model, we used 10 minutes' intervals which are enough to recognize changes in SWH. Considering the fact that our measurement data are for July and August 2013, we run the model for 30 days from 2013/6/23 to 2013/7/22 and as we do not have any initial conditions. we considered initial conditions as zero spectral and after the simulation, the results of the first two days have been eliminated from the results. In this model, we used two spectral discretizations, frequency discretization, and directional discretization. Logarithm discretization has been used for frequency discretization with less frequency of 0.055 Hertz and coefficient of 1.1 and for directional discretization, we used 16 directions with 22.5 degrees' intervals. In order to calculate the wind influence, there are two manners: (1) coupled, (2) uncoupled. Whenever our domain is local and small we can use uncoupled manner in our model, though, in this study due to the Caspian Sea size, we used coupled manner and also we considered drag coefficient constant with the value of 0.01. After running the model with primary values, we started sensitivity analysis in order to find out which parameters are effective in the model's results. we find out that bottom friction constant value and the constant values of whitecapping are effective in the SWH. Eventually, after running the model several times with different values for these constants, we achieved the best values for them which are mentioned in Table 1 . As it can be seen in Figure 3 and 4, SWH changes are perfectly simulated. Figure 5 and 6 are the regression charts for the measurement data and model's results.
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